The purpose of this research was to evaluate the role of hippocampal N-methyl-D-aspartate (NMDA) receptors in acquisition and consolidation of memory during shuttle avoidance conditioning in rats. Adult male Wistar rats were surgically implanted with cannulae aimed at the CA1 area of the dorsal hippocampus. After recovery from surgery, animals were trained and tested in a shuttle avoidance apparatus (30 trials, 0.5-mA footshock, 24-h training-test interval). Immediately before or immediately after training, animals received a bilateral intrahippocampal 0.5-µl infusion containing 5.0 µg of the NMDA competitive receptor antagonist aminophosphonopentanoic acid (AP5) or vehicle (phosphate-buffered saline, pH 7.4). Infusion duration was 2 min per side. Pre-training infusion of AP5 impaired retention test performance (mean ± SEM number of conditioned responses (CRs) during retention test session was 16.47 ± 1.78 in the vehicle group and 9.93 ± 1.59 in the AP5 group; P<0.05). Post-training infusion of AP5 did not affect retention (mean ± SEM number of conditioned responses during retention test session was 18.46 ± 1.94 in the vehicle group and 20.42 ± 2.38 in the AP5 group; P>0.10). This impairment could not be attributed to an effect on acquisition, motor activity or footshock sensitivity since AP5 affected neither training session performance measured by the number of CRs nor the number of intertrial crossings during the training session. These data suggest that NMDA receptors in the hippocampus are critical for retention of shuttle avoidance conditioning, in agreement with previous evidence showing a role of NMDA receptors in fear memory. Key words
The N-methyl-D-aspartate (NMDA) glutamate receptor channel has been implicated in learning and memory for several tasks. Intraventricular infusion of the NMDA receptor competitive antagonist aminophosphonopentanoic acid (AP5) impairs acquisition in the Morris water maze (1) . Both intraventricular (2) and intrahippocampal (3) infusions of AP5 given before training block memory of fear conditioning measured 24 h later. Also, immediate post-training intrahippocampal infusion of AP5 impairs retention of a step-down inhibitory avoidance task (4) (5) (6) (7) . Taken together, these data provide evidence for the involvement of the dorsal hippocampus in fear memory through an NMDA receptor-dependent mechanism. It has been suggested that the impairing effects of intra-hippocampal AP5 on memory are related to a blockade of NMDA receptor-dependent long-term potentiation (LTP) at hippocampal glutamatergic synapses (1) (2) (3) (4) (5) (6) (7) (8) .
The purpose of the present study was to further characterize the involvement of hippocampal NMDA receptors in fear memory. We evaluated the effects of intrahippocampal infusions of AP5 on retention of a shuttle avoidance conditioning (SA), a multiple-trial type of fear memory task, in rats. The effects of both pre-and post-training infusions of AP5 were investigated in order to separate acquisition from consolidation processes.
Sixty adult male Wistar rats (220-300 g) obtained from our breeding colony were housed in a temperature-controlled environment on a 12-h light/dark cycle, with free access to water and food.
The surgical procedure has been described (4). Animals were implanted with 9-mm cannulae aimed 1.0 mm above the CA1 area of the dorsal hippocampus under thionembutal anesthesia (30 mg/kg, ip). Stereotaxic coordinates obtained from the atlas of Paxinos and Watson (9) were as follows: AP: 4.3 mm posterior to the bregma, ML: 2.0 mm from the bregma, and DV: 2.0 mm from the skull.
Three to five days after surgery, animals were trained in the SA (10) . Training and test sessions were carried out in a 50 x 25 x 25-cm automated acrylic box (Albarsh, Porto Alegre, RS) with a floor consisting of 0.1-cm parallel bronze bars spaced 0.8 cm apart. Animals were allowed to freely explore the box for 3 min and then received 30 trials of a 5-s, 80-dB, 1-kHz tone (conditioned stimulus), immediately followed by a 0.5-mA scrambled footshock (unconditioned stimulus) until they crossed to the opposite side of the box (escape response). Animals avoided the shock by crossing during the tone presentation (conditioned response, CR). Recording of conditioned responses and crossings was automated. Training and test retention sessions were procedurally identical and separated by 24 h. Retention was measured by comparing the number of CRs observed during the training and test sessions. The number of training session intertrial crossings (ICs) was used as a measure of locomotor activity.
Immediately before (pre-training treatment) or after (post-training treatment) the training session, a 30-g cannula was fitted into the guide cannula. The infusion cannula was connected to a microsyringe by a polyethylene tube (4) . The tip of the infusion cannula protruded 1.0 mm beyond that of the guide cannula and was therefore aimed at the CA1 region of the dorsal hippocampus. Animals received a bilateral intrahippocampal infusion (0.5 µl/side) of D-L-2-amino-5-phosphonopentanoic acid (AP5) (Research Biochemicals International, Natick, MA, USA) (5.0 µg) or vehicle (0.1 M sodium phosphate-buffered saline, pH 7.4).
Cannula placement inside the hippocampus was confirmed by histology (4) . Briefly, at the end of each experiment, rats were killed by decapitation, and the brains were removed and placed in a formaldehyde solution for at least 72 h. Brains were sectioned and cannula placement in the dorsal hippocampus was confirmed. Only data from animals considered to have correct cannula placement (28 vehicle-treated animals and 27 AP5-treated animals) are reported.
Comparisons of vehicle-and AP5-treated groups (retention scores, performances in each session and intertrial crossings) were made by the unpaired Student t-test. Comparisons of training and test session performances within groups were made by the paired Student t-test. Data are reported as mean ± SEM. P<0.05 was considered to indicate statistical significance.
The results of pre-training infusion of AP5 are shown in Table 1 . In the training session there was no difference between groups in the number of CRs (unpaired ttest, P>0.10). There was a significant difference between training and test session number of CRs in the vehicle group (paired t-test, P<0.05), but not in the AP5-treated animals (paired t-test, P>0.10) and there was a significant difference in test session performance between groups (unpaired t-test, P<0.05). The results show that pre-training treatment with AP5 impaired retention test performance. This impairment could not be attributed to an effect on acquisition, motor activity or footshock sensitivity since AP5 affected neither training session performance measured by the number of CRs nor the number of intertrial crossings during the training session.
The effects of post-training infusion of AP5 are shown in Table 2 . In the training session, there were no significant differences between groups in the number of CRs (unpaired t-test, P>0.10) or in the number of intertrial crossings (unpaired t-test, P>0.10, data not shown). There was no significant difference between groups in the test session performance (unpaired t-test, P>0.10), and differences between training and test session number of CRs were significant in both groups (paired t-test, P<0.05), showing that post-training treatment with AP5 did not affect retention of SA.
The present results show that pre-training, but not post-training, intrahippocampal infusions of AP5 impaired retention of shuttle avoidance conditioning in rats, an effect that could not be attributed to sensorimotor impairments. This suggests that memory for SA measured 24 h after training requires activation of NMDA receptors in the dorsal hippocampus at the time of training, but not in the early post-training period. Thus, hippocampal NMDA receptors may be involved in acquisition rather than in consolidation of SA. This is strongly consistent with previous reports showing that intraventricular (2) or intrahippocampal (3) infusions of AP5 block fear conditioning when given before, but not after, training. It is also consistent with studies showing that pre-training, but not posttraining, infusions of AP5 into the amygdala block contextual fear conditioning (11) . However, retention of inhibitory avoidance, another fear-motivated task, is blocked by immediate post-training intrahippocampal infusion of AP5 (4-7) . Thus, the lack of an effect of post-training AP5 on SA could result from the delay of infusion. In a 30-trial training session in SA, an immediate posttraining infusion is administered approximately 15 min after the first trial, whereas in step-down inhibitory avoidance it is administered no more than 1 min from the beginning of training.
Our results are consistent with the view that an NMDA receptor-dependent neural plasticity process such as LTP at the level of hippocampal glutamatergic synapses is involved in memory processes (1) (2) (3) (4) (5) (6) (7) (8) . Another possibility is that AP5 interfered with other neurotransmitter systems. There is evidence (12) and NMDA-induced release of norepinephrine in the hippocampus (13) . The data reported here show that pretraining, but not immediate post-training, intrahippocampal infusion of AP5 impairs retention of shuttle avoidance conditioning without affecting training session performance in rats.
